Abstract Nickel-Iron (Ni-Fe) thin films were pulse-electrodeposited on copper (Cu) substrates under galvanostatic mode in the presence/absence of an ultrasonic field. The as-prepared thin films were characterized by X-Ray Diffractometer (XRD) and Scanning Electron Microscopy (SEM). The XRD results confirmed the deposition of NiFe on Cu substrates and the crystallite size calculated from Scherrer's formula is 22.28 nm and 20.17 nm respectively for the films fabricated in the absence and presence of ultrasonic field. The grain sizes, from SEM micrographs, were found to be 225.52 nm and 79.64 nm respectively for the films fabricated in the absence and presence of ultrasonic field and the grains were in the shape of spherical balls.
I. INTRODUCTION
Ni-Fe thin films are being considered in many areas viz. magnetic header for the hard disk, magnetic shielding and lately as an electrode for the metal oxide capacitors. Ni-Fe was chosen as an electrode because it is ductile, weldable, nonvolatile, stable and a ferromagnetic material with a low and linear expansion, over a wide temperature range, 22 °C to 230 °C. Also, it does not suffer from stress or corrosion cracking [1] .
In previous research works, Platinum (Pt), Iridium (Ir), Ruthenium (Ru), Copper (Cu), Nickel (Ni) and Iron (Fe) in different stacks were studied as electrodes for the capacitors. A potential method was suggested to deposit Barium Strontium Titanate (BST) as a high dielectric oxide material on Ni tapes to reduce the fabrication cost in spite of lower oxidation resistance [2] . BST films were sputtered on Ni/Cu foil with and without Aluminium (Al) as the top electrode and its dielectric characteristics studied [3] . It was reported that the leakage current density was found to be less than 1 x 10 -7 A/cm 2 at 5 V and the capacitance density was estimated to be 150 -300 nF/cm 2 . Ni and Mn were doped with BST bulk ceramics in order to suppress the leakage current density [4] . Ni was doped with BST films on La 0.5 Sr 0.5 CoO 3 (LSCO) buffer layers resulted in a decrease in dielectric loss and leakage current density [5] . The temperature dependence of the capacitor is considerably influenced by Fe doping with BST dielectric material [6] . Copper was chosen as an electrode because it makes an excellent thermal and electrical conductor and thus, improving the carrier collecting efficiency [7] . Nanocrystallized titanium oxide prepared from ethanol solution of titanium Iso-propoxide and sulphuric acid showed the particle is in nanosize range and its crystallinity increased, with ultrasonic treatment and concluded that the average size is smaller and it has better crystallinity as compared to without ultrasonic treatment. A high proportion of unwanted loosely attached sediments deposited on the thin films can be removed [8] . Ultrasonic field has improved the coating surface at the same time reduced the coating time due to higher plating current efficiencies [9] .
There are reports on the preparation of electrodes using various techniques such as electrodeposition [10] , ion-beam sputtering [11] , DC-Magnetron sputtering [12] , ultra high vacuum evaporator [13] , pulse laser deposition system (PLD) [14] , metal oxide chemical vapor deposition (MOCVD) [15] and spin-coating [16] . PLD system is expensive and needs high heating rate of target surface. MOCVD has severe safety concern due to high toxicity of the arsine precursor gas and it produces lower material purity. Spin-coating has wafer edge effect where airflow would be perturbed and result in nonuniformity in coating thickness if the substrate is not circular and production of chuck mark by thermal communication between the solution on the top of the wafer and the metal vacuum chuck on the back side of the wafer. Ni-Fe thin films were fabricated by Ultra high vacuum evaporator at 100 °C and the grain size was found to be in the range of 200-500 nm [13] which is also considered to be high as for the grain size of the materials are considered.
Pulse Electrodeposition has the ability to generate high power density at target surface, higher deposition rate and precise deposition control. It is an inexpensive process, highly reproducible and there is low inter-diffusion between sub-layers due to lower deposition temperature despite its disadvantages such as possibility of side-reactions, electrode fouling and inability to coat on non-conductive surfaces [12] .
The surface roughness of the thin films is playing an important role in determining the resistivity of the thin films. It has been found that the resistivity has approximately linear relationship with surface roughness of the thin films [17] . Hence, reduction in surface roughness should lead to a decrease in resistivity accordingly. Hence, smooth Ni-Fe thin films are expected to be useful as highly conductive electrode for possible capacitor applications.
In this research work, for the first time, Ni-Fe was pulse-electrodeposited on Cu substrates in the absence and presence of ultrasonic field under galvanostatic mode at a current magnitude of 6 mA with a duty cycle of 50 % for 2 minutes of deposition The asprepared thin films were characterized using XRD and SEM.
II. EXPERIMENTAL PROCEDURE Cu foils were cut into 1 cm x 1 cm sizes and were cleaned with acetone to remove any dust or marking and subsequently electropolished using Orthophosphoric acid for 6 minutes. The equipment used for electropolishing and electrodeposition was Auto Lab (Model: PGSTAT2) equipped with General Purpose Electrochemical System (GPES) software. The electro-polishing was done in potentiostatic mode and the electrodeposition in galvanostatic mode. The ultrasonic field was generated by using an ultrasonic bath (Model: Powersonic 405) with an ultrasonic frequency of 40 kHz. The electrochemical cell was custombuilt using a beaker, Pt as counter electrode, Saturated Calomel Electrode (SCE) as reference electrode and electro-polished copper substrate as the working electrode.
The precursor materials used to prepare the electrolyte were Nickel sulphate (NiSO 4 -7H 2 O), Iron sulphate (FeSO 4 -7H 2 O) and Boric acid (H 3 BO 3 ). All the reagents used were Analytical Reagent grade. A stress reducer such as saccharin was not used in the interest of obtaining high quality samples. The pulsedelectrodeposition was carried out at room temperature with a pH of 3.0 (acidic) for a period of 2 minutes in galvanostatic mode in the absence and in the presence of ultrasonic field, respectively. The ultrasonic level was fixed at a medium level with a bath temperature of 27° C. Sulphuric acid was seldom needed to adjust the pH of the electrolyte.
The as-prepared thin films, in the absence and the presence of ultrasonic field effect, were subjected to XRD to study their structural properties and SEM for identifying the morphology.
I.
III. RESULTS AND DISCUSSIONS
The crystalline structure of the as prepared Ni-Fe thin films on copper substrate were examined using XRD (Phillips X'Pert PRO) in the range of 20° < 2θ < 80°. The XRD patterns of Ni-Fe thin films pulse electrodeposited on Cu in the absence and in the presence of the ultrasonic field for the applied current of 6 mA, duty cycle of 50 % with a deposition time of 2 minutes are as shown in Fig.  1 and Fig. 2 . The XRD patterns showed that Ni-Fe was formed on copper substrate as confirmed by JCPDS (00-003-1209). The major peak corresponds to 111 lattice and the d-spacings are closely matched with the JCPDS data. The crystallite size was estimated using Scherer's formula and it was found that the crystallite size was found to be 22.28 nm for the film fabricated in the absence of an ultrasonic field compared to 20.17 nm for the film fabricated in the presence of an ultrasonic field. The d-spacings correspond well to the d-spacings in the reference material. It can be concluded that this sample exhibits a facecentered-cubic (FCC) crystal structure. From the XRD results, it is also observed that the crystallinity has been increased when ultrasonic field is applied during pulse electrodeposition.
SEM micrographs for the NiFe thin films pulse-electrodeposited on copper substrate in the absence and in the presence of ultrasonic field are shown in Fig. 3 and Fig. 4 respectively. From SEM micrographs, an average grain size of the Ni-Fe was found to be 225.52 nm and 79.64 nm respectively for the film pulse electrodeposited in the absence and in the presence of an ultrasonic field and the grains were to be in the shape of spherical balls. In this present work, Ni-Fe thin films were pulse electrodeposited on copper substrates in the absence and presence of ultrasonic field under galvanostatic mode. The crystallite size has been calculated and it is found that it is reduced from 22.28 nm and 20.17 nm when the ultrasonic field was applied during the pulse electrodeposition on copper substrates. The grain sizes also decreased from 225.52 nm to 79.64 nm when the ultrasonic field was applied during the pulse electrodeposition on copper substrates. Further work in optimizing the pulse electrodeposition of Ni-Fe thin films on copper substrates in terms of current density, duty cycle and deposition time and conductivity measurements of Ni-Fe thin films are in progress.
